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Intra-rater reliability of
rectus abdominis
diastasis measurement
using dial calipers
To date, physiotherapists have relied upon the
use of finger widths formeasurementof rectus
abdominis diastasis (RAD). This method has
been proven unreliable, due to variations in
finger widths. The intra-rater reliability of dial
calipers for measurement of HAD was
investigated by this study, using a repeated
measures design. Measurements were taken
atrest and durin9contracti0non three occasions
in 30 postpartum subjects. High reliability was
demonstrated for resting and active RAD
measurements, (ICC =0.93 and 0.95
respectively). In conclusion, dial calipers are a
reliable measuring device when used bya single
cl in ician. Furthertesti ng is required todetermine
inter""rater reliability.
[BoxerSE and Jones S: Intra-rater reliability of
rectus abdominis diastasis measurementusing
dial calipers. AustralianJournalofPhysiotherapy
43: 109-114]
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regnancy is a period of enormous
change, both physically and
mentally. Increasing stresses are
placed on the abdominal· muscles and
connective tissue structures as the size
of the uterus and baby increases and
pregnancy progresses. These extra
forces often result in the stretching and
sometimes splitting of the linea alba,
resulting in a rectus abdominis diastasis
(polden and Mantle 1990). Rectus
abdominisdiastasis (RAD) is defined as
separation of the recti abdomini
muscles as a result ofwidening of the
linea alba (Noble 1982). During
pregnancy, RAD can vary between a
small gap of2-3cmwide and 12-15cm
long, to a space measuring 12-20cm in
wicIthand.extendingnearly the whole
length of the recti muscles (Polden and
Mantle 1990). Currently there isa
paucity of research in this area and
therefore, whether the deficit is a
complete separation of the linea alba,
or a stretching of soft tissue, remains
unclear. "When RAD is present,the
abdominal muscles are placed at a
biomechanical disadvantage (Gi1leard
and Brown 1996) which reduces their
capacity to stabilise the pelvis. This
factor, when combined with
ligamentous laxity and extra work load,
predisposes the puerperal woman to
the development of back pain and· an
increased risk oflumbosacral strain.
Rectus abdominis diastasis is a
commonly·occurring·problem during
pregnancy, affecting up to 70 percent
ofwomen (Boissonault and Blaschak
1988). In the immediate postpartum
period it remains in up to 60 per cent
of women (Boissonault and Blaschak
1988, Bursch 1987, Hannaford and
Tozer 1985) and may be evident up to
eight weeks postpartum in
approximately 30 per cent ofwomen
(Boissonault and Blaschak 1988,
Gilleard and Brown 1996).
Physiotherapists currently assess
women for the presence of RAD
during the antenatal and postnatal
periods. To date, the accepted method
of measurement has been finger width
measurement, which is the·method
reported by most authors (Boissonault
and Blaschak 1988, Bursch 1987,
Noble 1980, Polden and Mantle 1990).
This method has been shown to ·be
unreliable due to the variations
between·different therapists' finger
widths (Bursch 1987). Two studies to
date have reported the use of
alternative methods of measuring
RAD. Hannaford and Tozer (1985)
used Vernier calipers to measure rectus
diastasis in 42 postpartum women and
Gilleard and Brown (1991) used direct
linear transformation and finger widths
to measure rectus diastasis during
pregnancy and postpartumin six
women. However, neither intra--rater
reliability nor inter-rater reliability was
reported in either instance.
Physiotherapists need to have reliable
measuring tools to evaluate the
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outcome of their clinical practice. An
accurate and reliable method of
measuring RAD is required to enable
physiotherapists to accurately evaluate
the efficacy of rehabilitation programs
for the abdominal muscles during the
postpartum period. The aim of this
study was to address the need for an
accurate, practical and reliable
measuring device for use in the clinical
setting. Dial calipers were selected for
this purpose. Determining the
reliability of a measuring device when
used by a single therapist (intra-"rater
reliability) is the initial step in
evaluating an instrument's reliability. It
was hypothesised that a high intra-
rater reliability would be obtained
when measuringRAD using dial
calipers on more than one occasion.
This study was designed to evaluate
the intra-rater reliability ·ofdial
calipers in the postpartum assessment
ofRAD and to provide a standardised
approach to assessment of this
condition. This study also enabled the
collection of pilot data on the range
and potential determinants of
postpartum RAD.
Method
Subiects
Thirty women who ranged from 1.5 to
22 weeks postpartum [mean
(SD) = 11.1 (5.0) weeks] were recruited
from the antenatal clientele of private
physiotherapists. Their mean (SD) age
was 31.3.(3.3) years (range 26-36
years), 17 (60 per cent) were
primiparous and 13 (40 per cent) were
multiparous subjects. The percentage
of total body fat ranged from 20.8 to
39.1 per cent [mean (SD) =28.0 (4.7)
per cent]. Parity ranged from one to
three births (mean =1.5 births).
Subjects were excluded from the
study if they had a Caesarean section,
a~y abdominal surgery within the past
SIX months, abdominal pain, acute back
or neck pain (sufficient to interfere
with activities of daily living), spinal
surgery within the last 12 months,or
were unable to speak or understand
written or spoken English. All subjects
gave written informed consent prior to
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participation in the study. Ethical
approval was obtained from Curtin
University of Technology Ethics
Committee.
Instrumentation
A nylon dial caliper (0-15Omm,
manufactured by Baty International)
was used to measure RAD in the
subjects (Figure 1). According to the
manufacturer, this caliper meets all the
requirements ofinternational
standards and is accurate to within
O.04mm.
A bioelectrical impedance analyser
(Model 3.1, Chattanooga Corporation,
TN, USA) was used to measure
percentage of body fat prior to RAD
testing. High reliability (ICC =0.97)
and validity have been reported when
using this method of body composition
analysis on lactating women (Potter
1994). Testing was conducted
according to the Chattanooga body
composition test manual procedures,
with one exception: the
recommendations include no exercise
or food within four hours of the test
and no alcohol within 24 hours of the
test, but since many of the subjects
were breastfeeding, neither fluid
(except alcohol) nor food intake was
restricted.
Procedure
A repeated measures study design was
us~d. Thirty subjects were tested for
three test trials by a single investigator.
Testing was.conducted in groups of a
maximum of four subjects·whereby
each subject was measured and then
rested for 15 minutes between
subsequent trials. Prior to testing,
subjects completed a subject
information questionnaire providing
details of parity, age, baby's birth
weight and age, previous childrens'
birth weights (if applicable), and
weight gain during the most recent
pregnancy. The investigator was a
physiotherapist with 15 years of
clinical experience but with minimal
experience using a dial caliper for
assessment of RAD. All testing was
completed within three weeks.
Following analysis of body fat
composition using bioelectrical
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impedance. analysis, the subject was
positioned in crook lying with the
knees bent to 90 degrees (standardised
using a set square) and with both hands
resting on the thighs. One pillow was
permitted behind the head. An
opportunity to practise the·activity
prior to testing was allowed for each
subject. Two measurements were taken
for each subject: a resting
measurement (recti abdomini at rest)
and an active measurement (recti
abdomini contracted). ·The resting
measurement was taken whilst the
subject was positioned as described
above. In order to determine the
resting position of the medial borders
of the recti abdomini muscles, subjects
were requested to lift their head
slighdy forwards whilst the investigator
palpated the medial borders ofthe
muscle. Once the position of the
muscle horders was determined,
subjects resumed the resting position
with the investigator's fingers in situ.
The resting measurement was then
taken using the dial caliper.
For the active measurement, subjects
lifted their head and shoulders
forwards and moved their hands
towards their knees. They were
instructed to hold the position, which
corresponded to the point when the
inferior angles of the scapula were just
off the bed. This was determined by
the investigator having the middle
finger of one hand placed next to the
inferior angle of the scapulae. Resting
and active measurements were
considered as one test trial. These
measurements were tested three times
with at least 15 minutes between each
test trial.
Standardisation of dial caliper use and
blinding to measurements was ensured
by adherence to the following
protocol:
i) measurements·were taken level
with the midpoint of the
umbilicus. This point was marked
with a water soluble marker to
ensure standardisation with
repeated measures;
ii) the edges of the measuring probes
were positioned against the medial
edges of the rectus abdominis
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Figure 1.
Nylon dial caliper (1-150mm Baty
InternationaI).
Results
Reliability of resting
measurement
Mean and standard deviations for
resting measurements are presented in
Table 1. The standard deviations for
each trial were large indicating wide
variability between subject values.
Intraclass correlation .coefficients
revealed high reliability between
measurement trials, lee(3 1) =0.93
(F .=O.542,p>= 0.584). Standard(2,58)
error of measurement (SEM) was
3.06mm indicating small variability
between the mean resting diastasis
measurements and therefore high
(number of weeks postpartum), baby's
birth weight, percentage body fat of
subject, and weight gain during
pregnancy and the mean diastasis
width of the resting'and active RAD
measurements. A probability of
p < 0.05 was used todeterrninethe
level ofsignificance. A critical value of
r =0.35 for n =30 and p < 0.05 was
significant.
16.19
16.13
15.59
Active
M¢rtSDretIleJ.tt(l1lJ.ll)Mean (SD) ,
Body tat Weeks .. We~ht
(%) Postpartum Gain· ,
Descriptive statistics were performed
initially. Intraclasscorrelation
coefficients ICC(3,1) (Portney and
Watkins 1993) were calculated from a
single factor repeated measures
analysis of variance (ANOVA) to
determine reliability between the three
tests performed on one subject by the
investigator. Intraclass correlation
coefficients were calculated for both
the resting and active RAD
measurements. To further evaluate
reliability, standard error of
measurement (SEM) values were
subsequently calculated for both the
resting and active RADmeasurements.
Pearson's product moment
correlation was used to determine the
relationship between baby's age
Mean
AM
(12.59)
(11.31)
(12.80)
0.59*
0.32
-0.22
-0.21
-0.05
R.esting
Measllrel11ent(mm)
'Mean(SJ)
Table 1. . ..•. ...• ..••..... .•.... .. .. .. . . i.. .•> <> .
Mean and standard deviation (SO) for resting and active.measurements (in'
milUmetresl ofrectusabdominis diastasis.
*criticalvalue ofr=O.3 5 forn=30, p<0.05
App=postpartuIn
AAbwt=birth weight
MeanRM
Mean AM
Bodyfat(%)
WkSppA
Wtgain
BabybwtAA
muscles and with the probes held
perpendicular to the surface being
measured;
iii) the instrument was positioned with
the dial facing away from the
investigator;
iv) once a measurement was obtained,
the instrument was given to an
impartial recorder who recorded
the results; and
v) the recorder closed the calipers
prior to returning them to the
investigator.
Data analysis
Analysis of the data was completed
using StatviewSE+Graphics on an
Apple Macintosh computer.
Table 2.
Correladonmatrix founean resting (RM) andactive (AM).rectus abdominis
diastasis measurements and pre and postnatal factors.
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figurel..
Trial intemction plot presenting mean and standard deviation
enor tlaws (in millimekeS) for resting measurement trials.. There is
no sig~fficard difference betlNeen trials..
Rgure3..
Trial interaction plot presenting mean and standard deviation
Brror bars (in millimetres) for active measurement trials. There is
no significant difference between trials.
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reliability. Figure 2 presents a trial
interaction plot of the mean and
standard deviation error bars for each
trial.
Reliability of active
measurement
Mean and standard deviations for
active measurements are presented in
Table 1. Intraclass correlation
coefficients revealed high reliability
between active measurement trials
ICC(3,I) =0.95 (F(258)= 0.383,p =0.(84).
Standard error of'measurement (SEM)
was 1.54mm, indicating minimal
variation between the mean active
diastasis measurements and therefore
high reliability. Figure 3 presents a
trial interaction plot of the mean and
standard deviation error bars for each
trial.
Mean diastasis measurement
Since high reliability was demonstrated
across all trials for both the resting and
active diastasis measurements, the
mean resting and active RAD
measurement was calculated to
represent the extent of resting and
active diastasis width for each subject.
The mean resting diastasis
measurements ranged from 16.6-
68.2mm and the mean active diastasis
measurements ranged from 9.0-
45.0mm. All but one subject (97 per
cent) had a mean resting diastasis
measurement of greater than 20mm,
whereas five (17 per cent) had a mean
active diastasis measurement greater
than 20mm. The subjects with a mean
active diastasis measurement greater
than 20mm had measurements of
~0.5mm, 21.5mm, 23.2mm, 24.6mm
and 45.0mm and were 5, 12,6, 12 and
1.5 weeks postpartum, respectively.
A correlation matrix was used to
assess the effect of baby's age (number
of weeks postpartum), percentage of
body fat, weight gain during pregnancy
and baby's birth weight on the width of
the mean resting and active diastasis
measurements (Table 2). There was
low correlation between these variables
and both mean resting and active
diastasis measurements. A significant
moderate correlation (r =0.59) was
demonstrated between the mean
resting diastasis measurement and
mean active diastasis measurement.
Discussion
The results of this study demonstrated
high reliability for resting and active
measurelllents of RAD when using dial
calipers. High reliability was further
supported by the very small SEM
values obtained for both the resting
and active RAD measurements. In
clinical practice, an error of 5mm or
greater would be considered
important. The SEM values obtained
in this study are therefore within a
clinically acceptable range. The SEM
for resting measurements was higher
than active measurements. It is possible
that the bulk of the recti abdomini
muscles and excessive abdominal fat
may be important factors in reliability
of measurements. During testing, the
investigator observed that the medial
edges of the recti muscles were difficult
to define in some subjects, due to
reduced muscle tone rather than the
amount of abdominal fat. The
difficulty in palpation of the muscle
borders was also more evident at rest
than on contraction and may account
for the slightly higher SEM for resting
measurements. This was not
documented at the time but these
variables would be worth consideration
in future reliability studies.
Bioelectrical impedance analysis
showed that nine (30 per cent) of the
sample had excess body fat (greater
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than 3oper cent) (Powers and Howley
1990). This was not an unexpected
finding in a postpartum sample of
women. However, BIA does not
indicate the distribution ofbody fat. In
order for an instrument to be clinically
applicable in the postpartum
assessment ofRAD, it is imperative
that measurement reliability is not
significantly affected by a high level of
abdominal body fat. To evaluate the
effect of excessive abdominal fat on
reliability of measurements, it is
recommended that future studies
consider the use .of abdominal skinfold
testing.
Procedures for testing RAD have not
been standardised and previous studies
have varied in choice of location for
measurement along the linea alba,
positioning ofthe subject and test
action. Noble (1980) suggested the
most common location for
development of a RAD along the linea
alba was at the umbilicus. Boissonault
and Blaschak (1988) reported an
incidence of 52 per cent at the
umbilicus, 36 per cent at a point 4.5cm
above the umbilicus and 11 per cent at
a point 4.5cm below the umbilicus in
71 primiparous women. A test action
involving lifting the head and
shoulders forwards (from supine) has
been reported to produce maximal
activity in the recti abdomini muscles
(Basmajian and De Luca 1985) and is
therefore likely to give an indication of
the extent ofRAD. Booth etal (1980)
reported considerable
electromyographic activity in the
rectusabdominismuscles and obliques
when attempting to sit up from.supine,
even when very little movement was
achieved. They reported no alteration
in this activity with knees bent but
stated that exercises performed in lying
resulted in superior abdominal muscle
activity compared with exercises
performed in other positions such as
kneeling or standing.
Aspects of measurement procedure
may influence reliability by being
sources of error (Moseley and Adams
1991) and therefore standardisation of
procedure during testing and in clinical
practice is most important. This study
also standardised the measurement
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location using a marker in order to be
sure that this would not be a source of
error. Future studies could evaluate
RAD measurement reliability without
a marker point, in order to replicate
measurement in clinical practice.
Previous studies have reported the
occurrence of RAD for up to eight
weeks postpartum (Boissonault and
Blaschak 1988, Gilleard and Brown
1996). Boissonnault and Blaschak
(1988) performed a cross~sectional
study on 71 prirniparouswomenwho
were at different stages ofpregnaney
or postpartum. The reference points
for testing were at the level of the
umbilicus and 4.5cmabove and below
the umbilicus. In the postpartum study
groups, the incidenceofRAD was high
in the immediate postpartum group,
affecting 52 per cent (up to 72 hours
postpartum)..By five to seven weeks,
the incidence had decreased to 36 per
cent, however the size oftheRADwas
not reported. Gilleard and Brown
(1996) also assessed abdominal muscle
changes (in particular rectus
abdominis) in a longitudinal study
involving six primiparous women from
14 weeks gestation until eight weeks
postpartum. They noted sig~ificant
reversal in the mean width of the recti
abdomini separation between 38 weeks
gestation and four weeks postpartum in
all women. Measurements were taken
level with and 4.5cm ahoveand below
th€ umbilicus. No further significant
change in width was reported and the
rectus diastasis had not resolved
completely by eight weeks postpartum.
Noble (1982) and Boissonault and
Blaschak (1988) classified a diastasis
width greater than 20mm on active
testing as being clinically significant.
GilleardandBrown (1996) considered
a measurement of 15mm or greater (at
the level of the umbilicus) as a
diastasis. The results of the present
study support those findings when
following the 20mm criteria although
the percentages were considerably
lower than those previously reported.
Differences in methodology,
particularly the measuring instruments
used, could partly explain the
discrepancy. Seventeen per cent (five)
?f the subjects in the present study had
a mean active diastasis measurement of
greater than 20mm.and which was
present up to 12 weeks postpartum in
two subjects. This suggests thatin a
small. proportion of women, the RAD
may not completely resolve for at least
12 weeks postpartum.
There was only a weak negative
linear correlation between number of
weeks postpartum (baby's age) and the
width of the RADat rest and on
contraction. This suggests ·that the
stage postpartumis not a good
predictor of the width of the rectus
diastasis. The size of the resting
diastasis showed a significant positive
linear relationship (r =0.59) with the
width of the active diastasis
measurement. This was ·not an
unexpected finding although the
correlation was not as high as
anticipated. When tested at rest, 97 per
cent ofsubjects had a resting diastasis
measurement of greater than 20mm. A
clinically significant difference of
approximately 20mmwas apparent
between mean resting and mean active
diastasis measurements. This has
important implications for assessment
and education of women during the,
early to late postpartum period and
poses an increased risk of injury or
lumbosacral pain to those women who
have a significant RAD when the
muscle is at rest. Gilleard and Brown
(1996) reported reduced ability to
stabilise the pelvis against resistance
due to persisting functional decrement
and incomplete reversal of rectus
abdominis separation up to eight weeks
postpartum. The need to test
postpartum women for RAD with the
muscle at rest and in a contracted
position is highlighted by these
findings. This study supports the
findings of Hannaford and Tozer
(198S) who reported weak correlations
between size ofRAD and weight gain
during pregnaney and baby's birth
weight. The lack of a significant
relationship·between RADand
percentage of body fat and baby's birth
weight does not support the suggestion
that these factors are related to an
increased risk of diastasis in the
postparmm period (Noble 1982,
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Polden and Mantle 1990).
These results may be generalised to
the use of a dial caliper for testing
RADon women ranging from one
week to six months postpartum. The
results demonstrate that a dial caliper
is a reliable method for the postpartum
lJ.leasure~~~tof RAD when used bya
sIn~le chmcian. The majority of
subjects tested had a resting diastasis
measurement greater than 20mm,
which highlights the need to perform
the test with the muscle at rest and on
active contraction. The findings of this
study provide the basis for further
research to determine the inter-rater
reliability of a dial caliper for
assessment of RAD in postpartum
women and intra.,. and inter-rater
reliability during pregnancy. This
study provides pilot data on the range
and several potential determinants of
RAD. Further studies using larger
sample sizes are required to fully
evaluate the relationship between these
variables and RAD. As yet,
physiotherapists have no empirically
b.ase? criteri~ to ascertain the clinically
sIgmficant WIdth for.RAD during the
postpartum ·period. Future studies
could provide information which
evaluates the average adult female linea
alba width in the nulliparous
population. This information is.also
fundamental to further research to
determine the rate and length of RAD
recovery during the first six
postpartum months.
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Conclusion
Rectus abdominis diastasis may be
measured during the postpartum
period w~th a h!gh ~egree of reliability
when a dIal calIper IS used by a single
clinician. Testing.postpartum women
for RAD with the rectus abdominis
muscle at rest and on contraction is
recommended. Dial calipers have
proven to bean uncomplicated,
~ccurate and practical measuring
Inst:ument for use with RAD testing
durIng the postpartum period. Further
testing is required to determine the
inter-rater reliability of dial calipers for
measurement of RAD in postpartum
women and assessment of their
reliability when used during
pregnancy. The availability of a
reliable measuring instrument will
provide the opportunity for further
research in the management of
abdominal muscle dysfunction in the
postpartum period.
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